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Abstract

The status of the commissioning of the rf photoinjector ir
the Neptuneadvancedacceleratodaboratory isdiscussed.
The component parts of the photoinjector, theguh,
photocathode drive lassystem, booster linac, rf system, +—
chicane compressor, beam diagnostics systems, an__ Quad4,5,6,7 |
control system aréescribed. This injector isdesigned t0  screen 7 (after chicane)

produce short pulse length, high brightnessectron Steering Magnet 5
beams. Experiments planned for the immediate future a Chicane/Spectrometer Iz
described. Initial measurements of variouhbeam

parameters are presented. Steering Magnet 4
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1 THE NEPTUNE LABORATORY

The primary goal of the Neptune laboratory is thescreena4 fterLinac)
acceleration of ahigh brightness, relativisticlectron

beam in a plasmbeatwave acceleratdiPBWA), while —H
maintaining the initialphase space density. [1] This Stoering Magnet 2 =
end, the main components of the kethe highpower,  screen 3 (sefore Linac) ]

short pulsetwo-frequencyMars CQ laser [2],andthe rf
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2 THE PHOTOINJECTOR ‘
The Neptune photoinjector consists of many component: solenods—|— (111 O
The most important of which are described below. Figure 1: The Neptune Photoinjector Beamline

2.1 Accelerator Sections

The accelerator is asplit system consisting of a2'2 RF System

photocathode gun, dift spaceand abooster linac. The |ow level rf is produced by a 38.08 MHz signal which is
gunis a 1.625 cefrmode standingvave cavity produced frequency multiplied 75 times up to S-band. After

by a BNL-SLAC-UCLA collaboration. [3] The gun haspassing through a phase shifter, the signataised to
been conditioned up to an input poweréc® MW which  over 400 W by a pulsed solid state amplifier. This signal
corresponds tathe plannedon-axis peakfield of 100 s thenused aghe rf input to a SLACXK-5 klystron.
MV/m. The booster linac is a @nd2/2 cell Trmode The klystron is pulsed by a modulator with a pulse length
standing wave structure. The linac desigrthiat of a currently set to 4usec. The modulator wadesigned to
plane-wave transformer (PWT) which benefits from strongroduce aflat-top pulse, whetfired by an SCR-triggered
cell-to-cell couplingandlarge modeseparation. [4] The thyratron timed to the Kklystron rf inputimpedance
linac has beermonditioned up tothe nominaloperating matched to the klystron at high voltage. [5] The klystron
power of 13 MW. has output 22 MW pulses to tleave guidesystem on a
consistent basis.

The rf power distribution system consists \@cuum
wave guide separating power manipulating elements. The
first of these is a circulator which protects the klystron
‘Work supported by U.S. Dept. of Energy grant DE-FG03-92ER40693rom reflected power due to the impedance mismatch at the
* Email: anderson@physics.ucla.edu standing wave structures at the beginnamgl end of an rf

pulse. Thepower is then split by a 4.77 dRlivider
sending two thirds into the PWT. After the sqliere are
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high power attenuators to control tpewer delivered to

each accelerator. In additidhe linacwave guidehas a
phase shifter to control the relative phase of the two E g E % E g E

structures.

2.3 Photocathode Drive Laser @

The drive laser system begins with a 1064 nmode- 7‘ ~ =y

locked Nd:YAG laser which is matched into a 500lang ] '

fiber to lengthen the pulsandyield a frequency chirp. /

The chirpedpulse is then sent to ragenerative amplifier = -

that increases the signal byfactor of onemillion. The E % E g E % E

chirp correlation is then removed and the pusepressed

by a grating pair. Adjustments to the grating pair allow Jé A L/Z 4

control over the pulse length which is currently set at 3

psec (FWHM). At this point the pulse ifequency Figure 2: Chicane Compressor/Spectrometer

doubled by a BBO doubling crystal. The green laiggrt

is thentransportedapproximately 40 meters to the nexthere the video data is digitized by a compuated analysis

BBO crystal which frequency doubles again to produce 2&6preformed on the image. In addition to phospbeam

nm light. The pulseenergy in UV has beemeasured Spot screensusing YAG crystals, whichoffer higher

reproducibly at 13QuJ. resolution and better vacuum propertiesare active at
Due to the long transport length, a vacuum transpd¥eptune.

system hadeen constructed to hold beasptics and to ~ TO measure charge non-destructively wmploy an

combat fluctuations intransverseposition. To handle integrating current transformer(ICT).  This device

|0ng time scale é 10 Sec)beam drift, afeedbacksystem produces data on a shot-to-shot basidhas beerused at

consisting of motorized mirror mounts and segmented UCLA to measure charges from 10 pC to 5 nC [5]. For

photodiodesfunctions in the transport system. Thiglestructive bunch charge measurementsFaraday cups

system is computeautomated byiteratively reading the Mmounted as beam dumps are used. Faadaycupshave

position of abeacon lasemwith the photodiodes(beam been used for initial charge measurements at Neptune.
position monitor) and adjusting the motorized mirror ~ Transverse emittance measuremevits be madeusing

accordingly. a slit basedsystem [7]. In this system collimatingjits
) are used to separatee beam into many beamletghose
2.4 Chicane Compressor intensity after propagation in adrift can be used to

The compressor installed at Neptune wlasigned in part determine the phase space distribution of the initial beam.

by scaling an L-band compresstesignedor the TESLA To measurethe longitudinal . profiles prc.)duced. at
Test Facility (TTF)[6]. As shown in figure 2, it consistdVePune (< 1 psec afteompression), aechniqueusing
of four dipole magnets which can be configured either a@herent transition radiation (CTR)[8] will be employed.

compressor or a spectrometer. In compressode a 2 6 Control System

negative correlation in longitudinal phasgacecaused by

running off-crest in the PWT igeemoved bythe difference  The photoinjector control system begins with Apple

in path length of particles afifferent momentum. The Macintosh computer. The computer has a video digitizing
problem of excessive vertical focusing in ttleicane has cardwhich allowsrealtime analysis such adark current
been addressed byadjusting the initial and final edge Subtraction, spot size calculation, and emittancerskge
angles to approximatelgqualizehorizontal and vertical analysis. Also, the computer exquippedwith a GPIB

focusing in thedevice. Byswitching off the first two interfacewhich is used toimport oscilloscope traces, and
dipo|es, thesecondtwo are used as apectrometer. The communicate with a GPIB controlled CAMAC crate. The

chicane in spectrometer mode has beesed for CAMAC crate contains modules responsible for phosphor

preliminary beam energy measurements. screeninsertion, steeringand quadrupolenagnet control
. . and read-back, chicane control, and rf attenuatodphase
2.5 Beam Diagnostics shifters.

The main diagnostiased atNeptune for beam transport,

spot size, and profile measurements is the phosphor 3 PLANNED EXPERIMENTS

screen. For this device phosphor isdeposited on the Before the PBWA experiment i®ady toproceedthere is

downstream side of amluminum foil mounted normal to an opportunity to do experiments in tlaeea of high

the incident beam. A 48 mirror then directs light brightness beam physics. Investigations in thisnain

produced by the phosphor out to a CCD camera. From will include parametric studies ofthe emittance
compensation process, comparison of emittance
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measurement techniques,and studies on the
compressibility of pulses in thehicane aswell as
emittance growth in thechicane due to space charge
effects.

3.1 Emittance Compensation Studies

Recent theoretical work has given a prescription for
producing aminimum in transverse emittance in RF
photoinjectors [9]. By varying the kgyarameters irthis
process, i.e. beam aspect ratio, solenoid field strength, and
bunch charge, we plan to experimentaltheck this
theory.
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The space charge dominatésthavior of high brightness
beams produced at Neptune can be seen through

examination of the RMS envelope equation for a beam jpigure 3:  PARMELA simulation .Of aguad scan
2 dirift. performed on a space charge dominalethm. The

) apparent emittance calculated frahe quadscan is 4 mm
o" = &n 4l ) mrad. The RMS emittance of the beam is actually 1.6
y’oy y3|0(0X + Uy) mmmrad.

1/f [1/mm]

X

Here the ratio of thespace charge t@mittance terms 3.3 Compressor Studies

determines the character of the electron beam. N ) ) o
In addition to basic studies on the compressibility of

2
R= 2o, @) electron pulses, we plan to investigate the phenomenon of
loye, emittance growth in bends. Experiments in #misawill
For typical Neptune parameters R >> 1 indicatirgpace be complimented by simulations using a three-
charge dominated beam. Thus, any emittance dimensionalcode based on Lienard-Wiechasbtentials

measurement scheme based on beam propagatiodrift a [10].
must take this ratio into account.
In the slit basedmeasurement we see that the function 4 INITIAL COMMISSIONING
of the slits is toproducebeamlets for which this ratio is The Neptune photoinjector was commissioned and
drasticallyreduced. For a uniform beamleformed by a photoelectronsvere observed in early Marct@99. The

slit of width d, this ratio becomes beam wasaccelerated byooth structuresand the chicane
o f was used to measure an initial energy of 12 MeV.
_ /2 1 Od
Roeamiet = V37 v FeF 3
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